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Introduction

59
In Serbia, the concept of the radiant panel heating system (wall and floor panel) is relatively well-60 known, but its application is still in its infancy. This is probably as a result of insufficient 61 information. However, the introduction of new materials, better control strategies, and better 62 utilization of alternative energy sources increase their demand and importance in the HVAC 63 industry. To prove the usefulness of such systems, it is necessary to compare these heating systems 64 with the classical heating systems regarding their energy, economy, and environmental influence. shows that using a radiant cooling system instead of a traditional all-air system in office space could 76 save on average 30% of the energy consumption. Nobody compared the radiant wall heating 77 system with other heating systems in terms of energy, economy, and environmental influence.
78
The basic aim of this paper is to compare the radiant wall heating system with the radiator heating 79 system in terms of energy, economy, and environmental influence. During this research, the 80 operations of four heating systems are simulated such as: PH-WOI, PH-WI, RH-WOI, and RH-WI.
81
For one heating season, the consumption of natural gas for heating, the consumption of electricity 82 for heating, and the energy costs are analyzed as simulation results. In addition the carbon dioxide 83 emission is analyzed. When analyzing the energy consumption and the pollutant emission, the 84 embodied energy and the embodied CO 2 of additional thermal insulation are considered.
85
Furthermore, the investment into these systems is compared. 
Building
88
Building description
89
An investigated residential building is shown in Fig.1 
107
The building loses heat through its envelope by conduction, and by air infiltration at 0.5 air changes 108 per hour.
109
The investigated building is used by two households with the total of 8 people. the plate volume presents the air voids that excellently stop the heat transfer through the wall.
121
Because of the air voids, these plates are also resistant to the negative influence of humidity. The 122 characteristic of these plates are given in Table 1 . 
Heating systems
138
The investigated heating systems operate in the building located in Belgrade, Serbia. 
161
Here, T a,w ,T a,a stand for the mean temperatures of the radiator water and the room air, respectively,
162
UA stands for the product of the coefficient of heat transfer, and the heat transfer area.
163
In this system, T a,w is set at 70 °C. The inlet water temperature to the radiators is set at 80 °C. 
Radiant wall panel heating systems
166
Radiant wall heating panels occupy large wall surfaces. In the investigated house, the heating panels 167 cover all external walls of the heated rooms -their surface area is the same as that of these walls
168
(212 m 2 ). The heating panels are not used in the house floors and the house ceilings.
169
The radiant wall heating panels contain the inner pipes with the hot water. They may exchange up 
178
Because of high share of the radiation from the radiant wall panel heating system, a feeling of the 179 thermal comfort is obtained at much lower air temperature in the room than that by using other 180 heating systems.
181
The release of heat from the radiant wall panel depends on many factors such as the type of wall 182 covering, the mutual distance of pipes in the panel, the dimension of pipes, the structure of the wall,
183
and the type of radiant wall panel system.
184
EnergyPlus software is used for the simulation of the application of the radiant wall panel heating 
205
In this system, the mean temperature of the hot water in the heating panels is set at 37 °C. The inlet 206 water temperature T w,in in the heating panels is set at 40 °C. 
Weather
208
The investigated building is located in Belgrade. Belgrade is a capital city of Serbia. Here, R stands for the primary energy consumption coefficient. This coefficient is defined as the 222 ratio of the total input energy of energy resources (hydro, coal, oil and natural gas) and the finally 223 generated electric energy. For the Serbian energy mix for electricity production, R = 3.61 [12] . 
Embodied energy
225
The embodied energy is defined as the commercial energy (fossil fuels, nuclear, etc) that was used Table 1 . The total operating cost to run the heating system is calculated by using the following equation Here, stands for the specific CO 2 emission factor for natural gas (kg CO 2 /GJ), stands for the 256 specific CO 2 emission factor for electricity (kg CO 2 /GJ). The emission factors are given in Here, stands for the specific embodied CO 2 emission factor of the additional thermal 263 insulation plate. The emission factors are given in Table 1 . 
Results and discussion
271
In these investigations, the four heating systems: the RH-WOI (the traditional system often used in 
Results
276
The simulation gives the results for the energy consumption, operating costs, and CO 2 emission for 277 each of all four heating systems installed in the investigated building.
278
In Fig.2 , the consumptions of natural gas energy, electrical energy, primary energy, and total energy 279 are given for each heating system per heating season. The investment in € in each heating system is shown in Table 4 .
<Table 4. Investments in investigated systems, prices in Euros (€) [16,17]>
295
In Fig.7 , the operating costs are shown for each simulated heating system. The figure also gives the 296 total operating cost during the heat season, which includes the costs for electricity and natural gas 297 for heating. The yearly CO 2 emissions are shown for each heating system in Fig. 8 Regarding sensitivity to additional thermal insulation, Fig. 4 shows that the panel heating systems 317 are more sensitive to application of additional thermal insulation than the radiator heating systems.
318
With application of the additional thermal insulation in the house with the heating panel systems, 319 the primary energy consumption by the heating panel systems is reduced by 22% and the total 320 energy consumption (when the embodied energy is taken into account) by 14%. Then, the primary 321 energy consumption by the radiator systems is reduced by 15% and the total energy consumption by 322 8%.
323
Regarding sensitivity to the used heating system, Fig.5 Finally, this investigation of the four heating systems points out that in Serbia the PH-WI is the 344 most energy efficient, and has the lowest negative impact on the environment. However, the PH-WI 345 is the most expensive. This analysis is done with natural gas as an energy source and refers to only 346 the space heating. In the future, an analysis may be done for space heating and cooling by using 347 low-temperature sources with heat pump [18] . 
